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INTRODUCTION
Physical work is a risk factor for early loss of the ability to work, primarily due to musculoskeletal disorders and cardiovascular diseases, especially if this work is done by persons with low physical capacity [1, 2] . Frequently employees, even if not fully aware of the health consequences of hard work, look for other jobs because of daily discomfort and fatigue.
Hard physical effort is usually related to manual materials handling (handling heavy tools or heavy packages with various goods), but also to a high tempo of activity (walking or manual work with a load, e.g., during packing). Physical work is hard not only at workstations in mining, construction, fishery, agriculture, roadworks and other earthworks, and during rescue operations, but also in transportation, e.g., in warehouses where manual trolleys are still used, in supermarkets (filling shelves), in health care (nursing), in packing and in industrial cleaning.
According to current Polish classification, men's physical work is hard when their energy expenditure during an 8-h shift is 6300-8400 kJ, whereas women's work is hard when it is 4200-5000 kJ. Work is very hard when the energy expenditure during an 8-h shift exceeds 8400 kJ for men and 5000 kJ for women.
The detrimental effect of hard physical work for health depends on the level of workersʼ physical capacity. This capacity depends on the efficiency of the mechanisms of oxygen supply, i.e., the level of aerobic capacity, which is the amount of oxygen a person can consume during maximal effort that involves large groups of muscles (maximal oxygen uptake, V O2max ). The higher the V O2max , the lower the relative workload, i.e., the relation between oxygen consumption during work and individual maximal oxygen uptake (%V O2max ). Relative load correlates well with many indicators of the intensity of various physiological processes that take place during exercise, i.e., the physiological cost of work, and with a subjective assessment of workload [3] .
Experiments and observations conducted at workstations showed that for daily occupational work to be well tolerated, the load should not exceed 30-40% of V O2max [4, 5, 6, 7, 8, 9, 10, 11] . The upper limit of load during daily occupational work with scheduled rest breaks is 50% V O2max . Åstrand's experimental studies showed it was possible to work with such a load [12] . It is suggested that work with such a load should not be done continuously for more than one hour [7, 13] . Work whose intensity requires over 30% V O2max , and periodical effort over 50% V O2max for over 60 min in one day, is considered an excessive load [14] .
By using recommendations on acceptable load and the current Polish classification of the intensity of workload, it is possible to calculate that hard physical work will not be an excessive load for men whose V O2max is 2.8-3.63 L/min, and for women whose V O2max is 2.0-2.33 L/min. Persons with that level of V O2max will use up to 30% V O2max during hard physical work. If appropriate rest breaks are planned into hard physical work, this kind of work can be done by persons with lower V O2max (1.68-2.18 L/min for men and 1.2-1.4 L/min for women), because rest breaks make workload of up to 50% V O2max acceptable. Acceptable load during very hard physical work without rest breaks is tolerated only by men whose V O2max is greater than 3.63 L/min, and if there are rest breaks, by those with V O2max greater than 2.18 L/min. For women doing very hard work without rest breaks V O2max should exceed 2.33 L/min, and if there are rest breaks, it should exceed 1.4 L/min.
As every employee may in some circumstances have to do hard work, it is necessary to consider for what part of the population of employees this will not be an excessive load. The answer to this problem is also important for workers currently doing hard physical work. Thus, the main aim of this study is to establish what percentage of occupationally active men and women in Poland have physical capacity (V O2max ) that makes it possible for them to do hard and very hard physical work that is not an excessive load on the body.
MATERIALS AND METHODS

Subjects
In total, 1188 occupationally active persons (664 men and 524 women) took part in the study. Table 1 illustrates their age structure.
The subjects were recruited from patients of occupational medicine physicians who were invited to co-operate. Their task was to recruit subjects on the basis of a medical examination and an electrocardiogram (ECG) at rest. The procedure and the methodology of this study had been approved by the Ethics Committee at the Nofer Institute of Occupational Medicine in Łódź, Poland, and written informed consent was obtained from each subject.
After a verification of the intensity of the subjects' occupational workload on the basis of their reports on the type and duration of their occupational tasks, it was found that 31.3% of women did mental work, 35.1% light physical work, 27.3% moderate physical work and 5.3% hard physical work; 18.4% of the male subjects did mental work, whereas 38.4, 24.7 and 14.5% did light, moderate and hard physical work, respectively.
Procedure
The subjects' physical capacity was determined indirectly by estimating V O2max and the linear relationship between heart rate and oxygen consumption (the amount of exercise) during an incremental submaximal exercise test on a bicycle ergometer with an initial load of 25 W (or 50 W for men under the age of 35 years), increased by 25 W every 3 min. These tests were conducted until submaximal heart rate was reached (80-85% of maximal heart rate calculated according to the formula HR max = 220 -age) or they were stopped when there were clinical criteria indicating the end of exercise. On the basis of heart rate in the last minute of at least three loads, the subject's exercise intensity was extrapolated to the effort during which maximal heart rate would be reached. The aerobic capacity was adequate for hard physical work if V O2max was over 2.0 L/min in women and over 2.8 L/min in men. Persons with that level of V O2max will not involve more than 30% of their V O2max when doing physical work corresponding to the lower limit of hard work (oxygen consumption of over 0.6 for women and over 0.84 L/min for men). The capacity for very hard physical work, during which oxygen consumption is over 0.7 L/min for women and over 1.09 L/min for men, was assessed in the same way: it was assumed that the level of V O2max should be over 2.33 for women and over 3.63 L/min for men.
The subjects' basic anthropometric indicators, body mass and height, were measured, too.
Statistics
Statistical analysis was done with SAS 9.1.3. Analysis of variance was used for multiple comparisons in groups that differed in age and the type of work. Pearson's coefficient of correlation was calculated to assess the interdependence between the two characteristics. The level of statistical significance was set at p < .05.
RESULTS
V O2max in Groups Identified According to Age and the Type of Physical Work
The oldest age groups of both men and women had the lowest values of total V O2max and V O2max corrected by body weight. The highest level of V O2max in women was found in the youngest ones (18-24 and 25-30 years old) and corrected by body weight, 18-24 years old. For men, the highest level of V O2max , both absolute and relative, was present not in the youngest, but in the slightly older age group, 25-30 years old (Table 2 ). There was ~30% difference between the highest and lowest values of V O2max in both men and women. Groups identified according to the type of work and the intensity of the workload did not differ in age. Only women doing hard physical work were significantly younger than those doing moderate work (p = .017). Tables 3-4 illustrate the values of V O2max in groups with various workload. Both men and women who did mental work had the lowest level of V O2max ; women doing hard physical work and men doing light and hard physical work had the highest. The level of V O2max in women doing mental work was significantly lower than in women who did light and hard physical work (p = .009 and p = .007, respectively). The level of V O2max was lower in men doing mental work than in those doing physical work. Neither in men nor in women did the level of V O2max significantly differ depending on the intensity of physical workload. There was negative correlation between the values of V O2max and age both in the whole Tables 5-6 show the percentage of men and women for whom doing hard and very hard work would be an excessive load. The percentage of persons for whom hard occupational effort is excessive increases with age. Work of an intensity corresponding to the lower limit of hard work would not be an excessive load only for women aged 18-24 years; whereas work of an intensity equal to the upper limit of hard work (and the lower limit of very hard work) would be an excessive load for as many as 40% of them. Going over the limit of hard physical work is an excessive load for over 60% of women over 50; whereas going over the limit of very hard work would be an excessive load for over 80% of women of that age. An analysis of V O2max in men showed that in 20% of participants in the 25-30 years age group and in 88% of subjects over the age of 60 years, physical capacity corresponded to the lower limit of hard work and their occupational work was an excessive load. Work of an intensity equivalent to the boundary between hard and very hard was an excessive load for a very high percentage of men: from almost 60% in the 31-40-year-old group to 92% in the over-60 group.
The Capacity for Hard or Very Hard Physical Work Depending on Age, the Type of Work and the Intensity of the Workload
An adequate number of rest breaks at work would increase the capacity for hard and very hard physical work, when the acceptable load is 50% V O2max . In those circumstances all women under the age of 40 years would be able to do work of an intensity equivalent to the lower limit of hard work, and all women under 30 years of age would be able to do work of an intensity equal to the lower limit of very hard work. Work of an intensity corresponding to the lower and upper limit of hard work would be an excessive load only in 10 and 30% of women over 60 years old, respectively. A rational organization of work would make it possible for all men under 40 years to do hard physical work in the lower limit of intensity, and for all men under the age of 24 years in the upper range of intensity. Hard work would be an excessive load only for 12-32% of men over 60 years old.
Similar principles were used to estimate the percentage of men and women doing mental work or light, moderate or hard physical work for whom hard and very hard work would be an excessive load (Tables 7-8 ). It turned out that hard physical work was an excessive load for almost 40% of men and women; their V O2max was lower than that required for persons doing work of an intensity equal to the lower limit of hard work. Work of an intensity corresponding to the upper limit of hard work was an excessive load for over 60% men and women.
Hard physical work can be an excessive load for a small percentage of men and women only if there are adequately long rest breaks. Persons who did light physical work every day had the greatest capacity for hard physical work, but even so for ~34% of men and ~38% of women exceeding its lower limit of intensity would be an excessive load. Notes. CI-confidence interval.
DISCUSSION
V O2max is an indicator of the capacity of the cardiovascular and the respiratory systems, which makes it possible to perform longlasting, physical effort. In practice it is an indicator of physical capacity. Its level in the individual age groups of the female participants can be considered average if the obtained values of V O2max are evaluated according to Åstrand's classification of capacity [12] , and good if Shvartz and Reinbold's classification [15, 16] is used. The assessment of the male subjects' level of capacity is more complex. In the age groups under 30 years the mean values of V O2max indicated an average level of capacity, and in the older ones a high level, according to Åstrand, and good according to Shvartz and Reinbold. The rate with which the level of V O2max decreases with age, ~0.74% per year of life for the subjects, is close to that reported by de Zwart, Frings-Dresen and van Dijk [17] on the basis of the results of 20 cross-sectional studies. When the level of physical capacity was assessed on the basis of the type of work and the intensity of the workload, it was found that it was good in men and women who did physical work, and average in men and women who did mental work (according to Åstrand [12] and Shvartz and Reinbold [15, 16] ). The obtained data on the level of V O2max in the participants of this study provide a view on the capacity for hard physical work. It is relatively good in subjects under 40 years of age (worse in men than in women under 30). However, it later decreases to such a degree that only for 35% of persons 50-60 years old work requiring oxygen consumption in the lower range of hard work would not constitute an excessive load (i.e., would be lower than 30% V O2max ). The upper range of hard work is not an excessive load for a worryingly low percentage of men (only 25 and 35%) in the youngest age groups, and for slightly more than half of the women of the same age. After the age of 40 years, hard work would not be an excessive load only for fewer than 30% of men and women. The fact that only such a small percentage of persons over the age of 40 years is really capable of hard physical work shows that the requirements for physical effort should be lowered as workers grow older, i.e., among persons with hard work, there should be fewer older people than among those with a low physical load. The World Health Organization has recommended this principle since the beginning of the 1990s [18] . However, it has not been fully respected; the results of an analysis of the working conditions in European Union member states show that the level of physical load is not different in young and older workers [19] . Neither did our study show any significant differences in age in groups doing work with different intensity of workload. The fact that women doing hard physical work turned out to be significantly younger than the others can result not from the fact that the load for older women decreases but rather from the fact that with such a load, they more frequently take advantage of the opportunity to take early retirement [20] .
Several studies indicate there are relationships between physical capacity and the kind of occupational work, or the duration and intensity of physical effort related to that work. The correlation is positive, at least in young persons, which suggests a rather good job fit [21] . On the other hand, prospective studies show that doing hard physical work for many years means that workers' physical capacity decreases faster than that of persons doing light work [22, 23] . This is supposed to prove that doing such work is not related to the training effect. Our results also indicated a faster decrease in the level of V O2max in persons doing hard physical work. However, physical effort in occupational work has a significant influence on the level of V O2max . Studies showed that a significant decrease in workload for even 6-9 months resulted in a decrease in V O2max of 20-30%, i.e., V O2max decreased to a level characteristic for workers doing light physical or mental work [24] . In the present study both men and women who worked hard physically had a higher level of V O2max than those doing work that did not require physical effort. This was probably caused by natural selection, i.e., those whose capability for effort was too low to meet the requirements of work probably gave it up themselves. Spioch's research results in a study performed in metallurgists repairing iron blast furnaces suggest this interpretation [25] . Even though the metallurgists performed very hard physical work and were exposed to heat, their physical capacity assessed on the basis of V O2max was very high in all age groups; however, only ~4% persons in the whole group were aged 56-60 years.
The level of V O2max of those of our subjects who did hard physical work was good. Even so, for almost 40% of both men and women hard physical work can be an excessive load greater than 30% V O2max . This can have detrimental consequences, the first signal of which is chronic fatigue [26] .
Decreasing individual load for persons doing hard work should focus on a rational selection for such work and on good work organization. Hard work should be assigned on the basis of a determination of V O2max and on a selection of persons whose level of physical capacity is at least good. According to methodological guidelines on preventive tests of workers, an assessment of V O2max is recommended if physical work requires energy expenditure of over 6300 kJ/8 h or 12.6 kJ/min for men and over 4200 kJ/8 h or over 8.4 kJ/min for women. However, interviews with the subjects indicated that such tests were rarely part of preventive medical tests. The capacity for hard work can be increased through good work organization that involves appropriately long and frequent rest breaks. Our results have shown that if work of all those who work hard was organized well, it would be excessive (i.e., the workload would exceed 50% V O2max ) for only a few percent of women and a dozen or so percent of men.
However, when determining what occupational workload is acceptable, it should be born in mind that the limit of 30 and 50% V O2max applies to work that involves large groups of muscles (muscle activity of the limbs and the trunk). Oxygen consumption during maximal effort, the load of the cardiovascular system and the subjective feeling related to effort depend on the mass of the muscles involved [27, 28, 29] . Effort, which can be low when large groups of muscles are involved, can be very high when it involves small muscles. So, using V O2max determined during exercise that involved legs for all kinds of work can result in overestimating the real capacity for everyday occupational work. During work like manual materials handling, V O2max is much lower than that during exercise on a treadmill or a bicycle ergometer. That is why determining acceptable oxygen consumption during transportation work with V O2max obtained during that particular effort is recommended [30] . The differences between oxygen consumption acceptable for 8-h work that is calculated with total and specific V O2max can be significant. Assuming that oxygen consumption during 8-h work without additional rest breaks should not exceed 30%, and if there are breaks it should not exceed 50% V O2max specific for a given type of effort, then during transportation it should not exceed 24 and 41% of total V O2max , respectively [31] .
While not underestimating the role of physical capacity in work tolerance, especially tolerance of hard and very hard physical effort, introducing appropriate breaks at work should be widely recommended as this is the most significant factor that could make a decrease in a worker's load possible.
CONCLUSIONS
V O2max in men and women doing physical work is higher than in persons doing mental work. The percentage of persons for whom hard physical work would be an excessive load increases with age to such a degree that a new assessment of individual capability for such work is recommended for persons over 40 years old.
The level of physical capacity in industrial workers was insufficient for hard physical effort not to be an excessive workload; for ~40% of men and women their hard physical work constituted a load that exceeded 30% V O2max .
